BACKGROUND/OBJECTIVES: Malnutrition risk and its consequences have not been reported in obese and overweight newly hospitalized patients. To estimate malnutrition risk among newly hospitalized overweight or obese patients, and to assess the effect of body mass index (BMI) on duration of hospitalization and risk of in-hospital death among hospitalized adults at increased risk of malnutrition. SUBJECTS/METHODS: In this survey, all adults newly admitted to internal medicine and surgical departments at a large tertiary medical center, during the 5-week data acquisition period in 2010, were screened for malnutrition risk using the Nutrition Risk Screen (NRS 2002). Malnutrition risk was compared across body weight categories. In addition, overweight/obese subjects were compared by malnutrition risk category. RESULTS: Of the 431 individuals analyzed, 138 were overweight and 105 were obese. Among overweight or obese patients, 23.2% and 24.8%, respectively, were at increased risk for malnutrition. Elevated risk for malnutrition prolonged hospitalization for both overweight and obese patients (from 5.6±7.9 to 10.0±10.3 days (P ¼ 0.04) and from 4.8±4.6 to 15.1±25.7 days (P ¼ 0.001), respectively). Prolonged hospital stay remained associated with malnutrition risk after controlling for age and BMI. Malnutrition risk significantly increased odds of in-hospital death: odds ratio (OR) 6.4, 95% confidence interval (CI) 1.2-33.2, P ¼ 0.03, even after controlling for age and BMI. CONCLUSIONS: Increased malnutrition risk is a frequent finding in newly hospitalized overweight/obese adults, prolongs length of hospital stay and increases risk of in-hospital mortality.
INTRODUCTION
Malnutrition is associated with increasing age, the presence of comorbidities and lower socioeconomic status, 1 its prevalence paralleling increased survival with chronic disease. 2 In the general population, malnutrition prevalence is estimated to be 1-5% in developed countries, and as high as 50% in patients admitted to hospitals, depending on the definition employed and the population assessed. 3, 4 We recently documented that almost 40% of patients admitted to internal medicine departments are malnourished or at increased risk for malnutrition. 5 Malnutrition has been shown to prolong recovery from injuries and infections and is associated with reduced quality of life. 6, 7 Intervention with nutritional supplements has been shown to decrease significantly nosocomial infection rates and to facilitate wound healing, 8 underscoring the importance of identifying malnutrition in hospitalized patients.
The Nutrition Risk Screen 2002 (NRS 2002 ) is a validated screening tool designed to assess malnutrition risk in hospitalized patients. 9 A two-step nutrition screening tool, the NRS 2002 is designed to predict the likelihood of clinical outcomes due to nutrition factors by identifying patients at increased risk of malnutrition. Regardless of the underlying cause, dietary intervention is recommended.
In the general population, body mass index (BMI), has been shown to have a U-shaped association with total mortality, the nadir risk at BMI 21-28 kg/m 2 . 10 Other studies have reported a linear association, which increases from BMI 25 kg/m 2 . 11 By contrast, elevated BMI appears to protect hospitalized populations from mortality. [12] [13] [14] [15] [16] As low BMI is only one of the four NRS 2002 criteria for estimating malnutrition risk, patients with normal or even elevated BMI can still be at increased risk for malnutrition. Thus, overweight and obese hospitalized individuals might be expected to have reduced in-hospital mortality risk; on the other hand, patients at increased risk for malnutrition are at increased risk for mortality. The effect of increased malnutrition risk in overweight or obese adults has not been elucidated.
MATERIALS AND METHODS

Overall study design and plan
This single-center survey utilized the NRS 2002 to screen all newly admitted patients hospitalized at the E Wolfson Medical Center (Holon, Israel) for malnutrition risk.
The purpose of this study was to estimate malnutrition risk among newly hospitalized overweight or obese patients. In addition, the study was designed to assess the effect of BMI on duration of hospitalization and in-hospital death among hospitalized adults at increased risk of malnutrition. ). In addition, increased risk for malnutrition was defined as an age-adjusted score of X3 points on the NRS 2002. Study outcomes included: duration of hospitalization (days); and in hospital death (%).
Informed consent
Study population
All individuals aged 18 years and older, regardless of sex, ethnicity or reason for hospitalization, admitted for hospitalization as in-patients to an internal medicine or surgical department at E Wolfson Medical Center from 17 March-20 April 2010, were included.
Inclusion/exclusion criteria
All patients newly admitted to E Wolfson Medical Center during a given department's study period were eligible for participation. Excluded were those individuals who expired or were discharged before undergoing the nutrition screen.
Malnutrition risk: NRS 2002
The NRS 2002 is a validated, two-step nutrition screening tool recommended for use in hospitalized adults. 9 The NRS 2002 has been used to identify presently malnourished patients as well as those at risk of malnutrition due to a disease state and/or its treatment. 17 Demographics, medical history and laboratory values Demographic characteristics, including patient age, sex and family status, were extracted from the patient's medical record. Lifestyle characteristics such as present smoking were elicited from the patient or family member if not recorded in the medical record. Medical history and comorbidities were recorded.
Blood chemistry, lipid profile and complete blood count values were recorded and low-density lipoprotein cholesterol was calculated. 18 
Anthropometric measures
Patients were weighed on the scale in the department in which they were hospitalized. Height was measured using the height rod on the department's balance scale. All height measures were recorded to the nearest 0.5 cm and weight to the nearest 0.5 kg. For patients who could not stand for weighing or measuring, equations were used to estimate these values (http://www.rxkinetics.com/height_estimate.html). 19, 20 BMI was calculated as in http://www.cdc.gov/healthyweight/assessing/bmi/adult_ bmi/index.html#Interpreted. Patients for whom anthropometric measures were estimated using equations were classified as frail, and this was controlled for in models of outcome variables.
Data quality assurance
All documentation relating to survey was open to inspection. A range was set for each variable and out-of-range values were verified.
Statistical methods
Sample size. A convenience sample including all individuals newly hospitalized in a given department during the data acquisition period participated in the study. On the basis of prior hospitalization rates, a sample size of 1000 was anticipated, which would have provided a 3% margin of error assuming a 95% confidence level to estimate prevalence of increased malnutrition risk.
Data analysis. Data were recorded on paper documents and uploaded to Excel Spreadsheet for storage. SPSS v. 19.0 (IBM Inc., Chicago, IL, USA) was used for all statistical analyses. The proportion of individuals who were at increased risk for malnutrition was estimated by dividing this number by the total number of newly hospitalized patients surveyed. Distributions of continuous variables were assessed for normality using the KolmogorovSmirnov test (cutoff Po0.01). Continuous variables were compared by BMI category (overweight/obese vs normal, omitting underweight patients) using the t-test for independent samples or the Mann-Whitney U-test as appropriate. Continuous variables were compared across categories of BMI using one-way analysis of variance. Owing to differences between patients in the lowest BMI category, these individuals were removed from further analyses so that comparisons were made between overweight or obese individuals and those in the normal BMI category. Furthermore, because overweight and obese individuals had similar comorbidity patterns, rates of increased malnutrition risk, duration of hospitalization and in-hospital morality, they were combined into a single group and compared with patients in the normal BMI category.
Associations between categorical variables were assessed using the w 2 test, Fisher's exact test as appropriate. General linear model was used to examine duration of hospitalization, including elevated malnutrition risk as a fixed factor and age, BMI and frailty (patients for whom height and/or weight were calculated and not measured) as covariates. Risk of in-hospital death was estimated using logistic regression analysis. All tests are twosided and considered significant at Po0.05.
RESULTS
Patient characteristics
During the data acquisition period, a total of 504 patients were evaluated for nutrition status using the NRS 2002. Of these, BMI The rate of patients for whom height and weight were calculated using anthropometrics (as opposed to measured height and weight). could be calculated for 431 (85.5%) patients. Characteristics of the study population are presented by BMI category in Table 1 . Significant across-category differences were observed for sex, smoking and frailty. Across-category differences in malnutrition risk were observed, driven by the increased proportion of high-risk patients among patients in the BMI category o18.5 kg/m 2 , Po0.0001. Elevated malnutrition risk was significantly lower in the BMI category 25-29.9 kg/m 2 , P ¼ 0.01. Nevertheless, of the 243 individuals who were overweight (n ¼ 138) or obese (n ¼ 105), 23.2% and 24.8%, respectively, were at increased risk of malnutrition according to the NRS 2002.
Malnutrition risk in overweight/obese patients Overweight/obese patients were compared by nutrition status ( Table 2) . Overweight/obese patients at increased risk for malnutrition were more than 10 years older than their low-risk counterparts, more frequently hospitalized in internal medicine vs surgical departments, and more frequently classified as frail. Ischemic heart disease was recorded as a comorbidity significantly more frequently among overweight/obese patients at increased malnutrition risk. This group also had a relative increase in diabetes prevalence of 32.5%, which was not statistically significant. Infection and pneumonia were listed as the primary reason for hospitalization significantly more frequently among overweight/obese patients at increased malnutrition risk.
The effect of increased malnutrition risk on duration of hospitalization is shown in Figure 1 . Among overweight, obese and the combined overweight/obese BMI category, elevated risk for malnutrition prolonged hospitalization. In the general linear model of length of hospitalization, elevated risk of malnutrition was included as a fixed factor and BMI, age and frailty were included as covariates. Only increased malnutrition risk emerged as a significant, independent predictor of length of hospitalization, Po0.0001, and estimated marginal means were 5.6 days (95% confidence interval (CI): 4.2-6.9 days) for patients at low malnutrition risk vs 10.8 days (95% CI: 8.8-12.8 days) for patients who were at increased risk of malnutrition. BMI had no effect on duration of hospitalization (P ¼ 0.9).
In-hospital mortality also differed significantly by nutrition status, such that 4 of the 58 (6.9%) overweight/obese patients at increased risk of malnutrition died during their hospital stay compared with one of the 185 (0.5%) overweight/obese patients at low malnutrition risk, P ¼ 0.003. Odds of in-hospital death were significantly increased by elevated malnutrition risk (odds ratio (OR) 6.4, 95% CI 1.2-33.1, P ¼ 0.03) even after controlling for age, BMI and frailty. Again, BMI had no significant effect on odds of death (OR 1.0, 95% CI 0.88-1.14, P ¼ 0.99). Removing frailty from the model did not significantly alter odds estimates of death. Table 3 describes the 133 patients who were at increased risk of malnutrition, of whom 58 (43.6%) were overweight/obese. Among patients who were at increased risk of malnutrition, BMI category (in-range vs overweight/obese) was not associated with age, sex distribution, smoking status, department of hospitalization or frailty. Per definition, overweight/obese patients who were at increased risk of malnutrition had significantly higher BMI than their in-range counterparts; in addition, a greater proportion had type 2 diabetes and ischemic heart disease. Serum albumin, glucose, urea and uric acid were significantly higher among overweight/obese patients who were at increased risk of malnutrition than patients who were at increased risk of malnutrition with in-range BMI values. Differences in lipid profile or blood count were not observed. Among the patients who were at increased risk of malnutrition, similar duration of hospitalization was observed in overweight/ obese patients: 11.7±18.9 compared with 10.2±14.8 in patients with in-range BMI values, P ¼ 0.96. In-hospital mortality was also similar between the two groups: 6.9% in overweight/obese patients at increased malnutrition risk vs 5.3% in high malnutrition-risk patients with in-range BMI levels, P ¼ 0.71 (see Figure 2) .
DISCUSSION
Increased risk of malnutrition was identified in approximately 30%
of all newly hospitalized patients. Among overweight/obese Percent of patients admitted to internal medicine departments.
b The rate of patients for whom height and weight were calculated using anthropometrics (as opposed to measured height and weight).
Mr NOI E Leibovitz et al individuals, increased risk of malnutrition was identified in almost one out of every four newly hospitalized patients. Thus, while BMI reduced malnutrition risk in this cohort of newly hospitalized patients, it did not eliminate it.
Increased BMI has been associated with improved outcomes in several patient populations, including those with trauma and burns, surgical patients and the elderly. [12] [13] [14] [15] [16] By contrast, in our data set, elevated BMI did not reduce duration of hospitalization or the rate of in-hospital morality among patients who were at increased risk of malnutrition patients.
Malnutrition in obese patients has been described following bariatric surgery; 21, 22 however, these studies identify micronutrient deficiencies and inadequate fiber intake as typical expressions of malnutrition. Micronutrient deficiencies may be present in the malnutrition identified in our cohort; however, this was not directly measured in this study.
Findings of this study must be considered within its limitations. First, the planned sample size was 1000 patients, but only 504 were ultimately sampled. This reduction in sample size reflects strikes by physicians' and nurses' unions during the data acquisition period. A post hoc power analysis indicates that this sample size provides a 4.1% margin of error assuming a 95% CI to estimate increased malnutrition risk, a somewhat lower level of accuracy than the 3% margin of error originally planned. Further, BMI was calculated for 431 (85.5%) because of patient movement (transfer from one department to another; undergoing tests at the time of data acquisition), leaving a 4.7% margin of error within the 95% confidence level. This may imply selection bias in the study population, but it is not clear whether patients absent at the time of intended data acquisition were more or less likely to be at increased malnutrition risk or more or less likely to be in a given BMI category. If we presuppose nondifferential misclassification, we may assume that measures of association observed herein are in fact underestimations of their true strength.
Similarly, we were not able to identify patients diagnosed as 'terminally ill', who are more likely to be at increased risk of malnutrition and less likely to receive nutrition intervention. 23 Inhospital deaths did not differ significantly by BMI category; however, as there were only 11 in-hospital deaths during the data acquisition period, it is not possible to conclude a true lack of association.
Use of a convenience sample makes it difficult to ascertain the external validity of the study; however, the study population is a very large cohort recruited from a hospital serving an ethnically and economically diverse cohort. Proportions of overweight/obese patients and, on the other hand, patients at elevated risk for malnutrition, appear to be consistent with what has been reported in the literature, and this lends some validity to the findings. In addition, this survey examines exposure (malnutrition risk) and outcome (duration of hospitalization, in-hospital mortality) in an almost simultaneous timeframe, precluding a discussion of causality. A prospective study examining the effect of change in body weight over time on hospital outcomes would be helpful, but would probably necessitate identifying patients in the community before hospitalization, or following patients from an index to a subsequent hospitalization.
Keeping study limitations in mind, we conclude that increased risk of malnutrition is a frequent finding in newly hospitalized Percent of patients admitted to internal medicine departments.
overweight/obese individuals, affecting as many as 25% of this population. Malnutrition was associated with prolongation of hospitalization and increased risk of in-hospital mortality regardless of BMI category, suggesting that overweight/obesity had no impact on these outcomes. Increased malnutrition risk in overweight/obese hospitalized patients gives rise to questions regarding appropriate intervention. Should the clinician respond to the acute increase in malnutrition risk or to the chronic overweight/obesity? Additional studies are needed to examine treatment options among individuals who are overweight/obese but at increased risk of malnutrition. Figure 2 . In-hospital mortality by BMI category and nutrition status.
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